Gastroenteritis outbreaks in nursing homes have been associated with both bacteria (including Salmonella, Campylobacter, Escherichia, Staphylococcus, and Clostridium species) and enteric viruses (including caliciviruses, rotaviruses, and astroviruses) , but the relative contribution of each has not been evaluated over an extended period. Acute epidemic viral gastroenteritis is characterized by a self-limited illness of 24-48 h duration, with a combination of >1 signs and symptoms, including nausea, vomiting, diarrhea, abdominal cramps, fever, chills, and headache [22] . Although this illness is generally mild, it can be debilitating in elderly persons, who are at increased risk for hospitalization [23] [24] [25] . In an analysis of 25,538 diarrhea-related deaths in the United States during 1979-1987, 51% of the deaths occurred in individuals .74 years old [26] . A recent study of 90 nonbacterial outbreaks from the Centers for Disease Control and Prevention (CDC) showed that 43% of the outbreaks occurred in hospitals or nursing homes and that Norwalk-like viruses (NLVs), members of the family Caliciviridae, were detected in 86 (96%) of the outbreaks [7, 27] . Similarly, in The Netherlands, 41 (59%) of 69 reported outbreaks of gastroenteritis occurred in nursing homes, and NLVs were detected in 60 (87%) of them [20] . Large-scale epidemiologic studies in England and Wales and in Sweden also documented the importance of NLV illness among elderly persons [28, 29] .
This study was initiated in 1987 to elucidate the viral agents associated with gastroenteritis outbreaks in Maryland nursing homes during the winter season of [1987] [1988] . The winter season was selected because such outbreaks typically peaked at that time. Previous routine screening for enteric bacteria (i.e., Salmonella, Clostridium, and Shigella species) failed to identify an etiologic agent responsible for the majority of gastroenteritis outbreaks in Maryland nursing homes. Our initial attempts also were unsuccessful from an etiologic viewpoint, because they yielded evidence for only a small number of viral infections. We decided to reexamine the stool specimens because of the recent development of efficient diagnostic techniques, such as reverse-transcription (RT) polymerase chain reaction (PCR) [27, 30, 31] , and were able to identify NLVs as the predominant pathogen in these outbreaks. The nucleotide sequences of the [1987] [1988] NLVs analyzed in the present study were compared with those of NLVs that have been circulating globally in the past decade, to gain insight into the evolution of these ubiquitous diarrheal pathogens.
Materials and Methods
Study design. Nursing homes in Maryland are required to report gastroenteritis outbreaks to the Maryland Department of Health and Mental Hygiene (DHMH). An outbreak is defined as the onset of diarrhea (>2 loose stools in 24 h) within a 7-day period in >3 residents from a single ward or unit or in >3% of the residents in a facility. Stool specimens taken from patients involved in gastroen-teritis outbreaks in Maryland nursing homes are tested routinely for Salmonella, Clostridium, and Shigella species. From November 1987 to March 1988, 31 gastroenteritis outbreaks were reported to the DHMH. In the present study, stool specimens were collected for virologic testing from residents who experienced acute gastroenteritis during 20 outbreaks that occurred in 20 different nursing homes during this period. In 13 of 20 nursing home outbreaks, paired acute and convalescent serum samples also were collected. An outbreak was considered to be causally associated with an agent if >50% of the individuals in the outbreak developed either a serologic response to that agent or shed the agent in stool material or both [32] . During the period of this study, 252 nursing homes were licensed in 23 Maryland counties and in the city of Baltimore.
Analysis of serum antibody responses. Serum antibody titers to Norwalk virus (NV; Hu/NLV/GI/Norwalk/1968/US), Hawaii virus (HV; Hu/NLV/GII/Hawaii/1971/US), or Toronto virus (TV; Hu/NLV/GII/Toronto 24/1991/US) were measured by an ELISA, using recombinant (r) virus-like particles (VLPs) as antigen [33] [34] [35] . The rNV VLPs were provided by Dr. M. K. Estes (Baylor College of Medicine, Houston). In addition, antibody titers to NV were determined by a biotin-avidin immunoassay (BAI), similar to that described elsewhere [36] , that used an NV-positive stool specimen as antigen. Antibody titers to Group A rotavirus and adenovirus were measured by complement fixation, by use of protocols similar to those described elsewhere, with minor modifications [37] [38] [39] .
Immune electron microscopy and rotavirus ELISA detection. Immune electron microscopy was used to examine representative stool specimens for the presence of viruses with the use of human immune serum gamma globulin as the source of antibodies, as described elsewhere [40] . For the detection of rotavirus antigen in stool, a pre/post ELISA was performed [41] .
Primers and RT-PCR. All stool specimens were screened by RT-PCR for the presence of enteroviruses (EV), human astroviruses, and caliciviruses. Primer pair EV/PCR-1 and EV/PCR-2, deduced from a highly conserved site in the 5 0 noncoding region of known enteroviruses, was used to detect enteroviruses (including poliovirus) [42] . Primer pair Mon340/348, which corresponds to a region just upstream of the protease-encoding region of astroviruses located in open-reading frame (ORF) 1a, was used to detect astroviruses [43] . Two calicivirus primer pairs were used to detect caliciviruses. The primer pair P289/P290 recently has been described as a "broadly reactive" primer pair that detects both Sapporo-like viruses (SLVs) and NLVs in the family Caliciviridae and corresponds to a highly conserved region of the ORF1 that includes the YGDD motif of the RNA-dependent RNA polymerase encoded within the p289 primer [44] . A second calicivirus primer set, Mon431/Mon432 and Mon433/Mon434 (designated "region B" primer set), also corresponds to the RNA-dependent RNA polymerase region but is located near the 3 0 end of ORF1 (primer sequences and RT-PCR protocol provided by Dr. Stephan Monroe, personal communication). In addition, >1 NLV-positive specimen from each outbreak was analyzed further in ORF2 with primers Jsn5/Jsn6, Mon381/Mon383 [45] , and Mon381/Mon382 [46] .
The NLV genogroups and genetic clusters were designated according to the system of Ando et al. [47] . In brief, genetic clusters in genogroup I or II (designated as GI or GII, followed by the cluster number and shown here in parentheses after the cryptogram of the strain) are represented by Hu/NLV/GI/Norwalk/1968/US (GI/1), Hu/NLV/GI/ Southampton/1991/UK (GI/2), Hu/NLV/GI/Desert Shield 395/1990/SA (GI/3), Hu/NLV/GI/Chiba 407/1987/JP (GI/4), Hu/NLV/GI/Musgrove/1989/UK (GI/5), Hu/NLV/GI/Hesse 3/ 1997/GE (GI/6), Hu/NLV/GI/Winchester/1994/UK (GI/7), Hu/ NLV/GII/Hawaii/1971/US (GII/1), Hu/NLV/GII/Melksham/1994/ UK (GII/2), Hu/NLV/GII/Toronto 24/1991/CA (GII/3), Hu/NLV/ GII/Bristol/1993/UK (GII/4), Hu/NLV/GII/Hillingdon/1990/UK (GII/5), Hu/NLV/GII/Seacroft/1990/UK (GII/6), Hu/NLV/GII/ Leeds/1990/UK (GII/7), and Hu/NLV/GII/Amsterdam/1998/NL (GII/8). The GenBank accession numbers for these viruses are M87661, L07418, U04469, AB022679, AJ277614, AF093797, AJ277609, U07611, X81879, U02030, X76716, AJ277607, AJ277620, AJ277608, and AF195848, respectively. The NLVs identified in this study are designated as MD (for Maryland), followed by an outbreak and specimen number.
RNA was purified from 200 mL of a Freon-extracted 10% stool suspension with the Ultraspec 3 reagent (Biotecx Laboratories). The RNA was resuspended with 30 mL of diethylpyrocarbonatetreated water. The same RNA extraction was used to perform EV-, astrovirus-, and calicivirus-specific RT-PCRs. Each RT-PCR used a premade PCR buffer (MasterAmp PCR Premixes kit; Epicentre); PCR Buffer D was used for primer sets p289/p290 and Mon340/ Mon348, whereas buffer G was used for the other RT-PCRs. For EV and calicivirus, the parameters of the PCR were set as described elsewhere [7, 45] . For astrovirus-specific PCR, the parameters were similar to those described elsewhere [43] , except that the number of amplifications was extended to 40. In all RT-PCR experiments, several controls were included in which water was added to an aliquot of the "master mix" and was subjected to the same amplification parameters.
Sequence analysis. Amplicons obtained from NLV-positive stools were gel-purified by use of a Qiaex Gel Extraction Kit (Qiagen). The nucleotide sequencing was determined using the Big Dye Terminator Cycle Sequencing Ready Reaction Kit (PerkinElmer), and the sequencing products were resolved on an automated sequencer (ABI 310; Applied Biosystems). Complete ORF2 sequences of NLVs in the GII/4 cluster were determined by use of consensus primers based on the ORF2 sequences of Bristol virus (BV), HV, Lordsdale virus (LV; GenBank accession number, X86557), and Camberwell virus (CV; GenBank accession number, AF145896) ( [50] .
The alignment and genetic analysis of the partial sequences in ORFs 1 and 2 or the complete ORF2 sequences were performed by use of PILEUP, DISTANCES, and GROWTREE programs from the Genetic Computer Group (GCG) suite (Oxford Molecular Group) [51] . The complete ORF2 sequences of strains MD 101-2, MD 134-7, and MD 134-10 have been deposited into GenBank and assigned accession numbers AY03012, AY030098, and AY030313, respectively. In addition, the complete genomic sequence of MD 145-12 has been deposited into GenBank and assigned the accession number AY032605. Sequence information for other viruses is available on request.
Results

Seasonal Occurrence of Epidemic Gastroenteritis in Maryland Nursing Homes
A review of the number of gastroenteritis outbreaks reported to DHMH from January 1986 (1 year and 10 months before the collection of specimens began for this study) to December 2000 demonstrated that a total of 868 gastroenteritis outbreaks was reported among 250 licensed nursing homes. Pathogenic bacteria (Salmonella species, Clostridium difficile, and Shigella species) were associated with 24 (2.7%) of the 868 outbreaks. Of the remaining 844 outbreaks, 840 were designated as "presumed viral," and 4 were associated with a common food source and thus were designated as foodborne of unknown etiology. The monthly distribution of the 840 presumed viral and 24 bacterial gastroenteritis outbreaks over this 15-year period is illustrated in figure 1. During this period, 16, 7, and 1 outbreaks of Salmonella species, Clostridium difficile, and Shigella species, respectively, were identified. The distribution of the bacterial gastroenteritis outbreaks did not show a seasonal occurrence, whereas the presumed viral outbreaks did (figure 1). The number of presumed viral outbreaks per year is summarized in table 2. More than 80% of the presumed viral outbreaks occurred during the cooler months of the year. The clinical features of this "winter" illness included an acute onset of diarrhea or vomiting or both, with illness generally lasting 24-48 h. Both residents and employees were affected, and the outbreaks typically lasted 1-2 weeks.
This study was limited to the 4-month "winter" peak period from November 1987 to February 1988 (table 3) . During this winter season, a total of 31 outbreaks of gastroenteritis was reported to DHMH, with the following monthly distribution: 10 in November, 11 in December, 8 in January, 1 in February, and 1 in March. Information concerning the number of ill residents during each outbreak was available for residents of 23 nursing homes; these residents experienced an overall attack rate of 26% (963/3697). The attack rate range was 5%-59% (median, 27%). Among employees in 17 outbreaks for which information was available, the attack rate range was 0.6%-26% (median, 9%), and the overall attack rate was 10.1% (274/2705). In outbreak 134, the age range among ill residents was 47-99 years (mean, 82 years); in outbreak 138, it was 69-88 years (mean, 81 years); and in outbreak 145, it was 73-98 years (mean, 86 years). Of the 34 individuals involved in these 3 outbreaks, 25 (73%) were female.
Association of Outbreaks with Enteric Viruses, as Determined by Serologic Analysis
Role of NLVs. NLVs have been established as a major cause of epidemic nonbacterial gastroenteritis [22, 27, 32, 52, 53] . The NLVs have a positive-sense RNA genome that is organized into 3 ORFs: ORF1 encodes a nonstructural polyprotein, ORF2 encodes the major capsid protein, and ORF3 encodes a minor capsid protein [22] . NLVs are genetically diverse and consist of >2 distinct genetic groups, designated GI and GII, with the prototype NV strain belonging to GI [54, 55] . Each genogroup has been further subdivided into genetic clusters [47] .
We initially examined paired acute and convalescent serum samples from 112 patients in the 13 outbreaks (from which paired serum samples were available) that occurred between November 1987 and March 1988, using a BAI in which a known NV-positive human stool specimen was used as the antigen. Sixteen (14%) of the patients developed a >4-fold serologic response to the GI NV (table 3) . Serologic responses to NV were detected in >1 individuals involved in 8 of the 13 outbreaks (table 3) . However, only 1 outbreak (designated number 9) met the criterion for a NV outbreak. These paired serum samples were examined subsequently by use of an immunoassay that employed rVLPs obtained by expression of the NV capsid protein in the baculovirus system [34] , and comparable results were obtained (data not shown).
An ELISA for the detection of serologic responses to HV (a GII NLV) using rHV VLPs as the antigen was employed to examine paired serum samples available from 109 of 112 nursing home residents with gastroenteritis. Thirty-eight (35%) of 109 individuals examined developed a serologic response to HV (table 3) . A serologic response to HV was detected in >1 individual in 9 of 13 outbreaks (table 3) , and 4 of 9 met the criterion for an HV outbreak. None of the individuals involved in outbreak 9 (associated with NV in the BAI immunoassay) developed a serologic response to HV. Thus, serologic responses to NV and HV occurred independently for the most part (P ¼ :41, Fisher's exact test, 2-tailed).
Serologic responses to TV (a GII NLV) were examined in the nursing home patients with an ELISA, by use of rTV VLPs as the antigen. Forty-eight (44%) of 109 individuals tested developed a serologic response to TV (table 3) . Six (46%) of 13 outbreaks met the definition for a TV outbreak, 4 of which also met the definition of an HV outbreak (table 3) . Ten of 13 outbreaks included >1 individual who developed a serologic response to TV. None of the individuals involved in outbreak 9 developed a serologic response to TV; in addition, serologic responses to NV and TV did not correlate when all serum samples were compared (P ¼ :60, Fisher's exact test, 2-tailed). In contrast, of 109 individuals tested for both HV and TV infection, The high degree of correlation between the rHV and rTV ELISA assays in detecting a serologic response (P , :0001, Fisher's exact test, 2-tailed) is consistent with the presence of shared antigens that are displayed when the VLPs are adsorbed to the solid phase of a microtiter plate [45] . In summary, serologic evidence of infection with >1 NLV was detected in 61 (56%) of 109 patients tested against each of the 3 NLV antigens (NV, HV, and TV).
Role of rotaviruses and adenoviruses. Acute and convalescent serum samples from 112 patients were screened for antibody responses to rotavirus (Group A) and adenovirus (type 2). No serologic evidence for infection with these viruses was found.
Association of Outbreaks with Enteric Pathogens and Their Characterization, as Determined by Analysis of Stool Specimens
Detection of NLVs. Stool specimens from 156 ill patients in 20 outbreaks were analyzed by RT-PCR. NLVs were detected from patients in 18 of 20 outbreaks, and the percentages of individuals who tested positive for NLVs within an outbreak ranged from 13% to 90%. Within the 18 NLV-positive outbreaks, when the region B primer set and the p289/p290 primers were used, the overall detection rates were 46.2% and 38.3%, respectively. The detection rate increased to 52.0% when the results of both primer sets were combined (table 3) .
Association of outbreaks with the NLVs by serologic and virologic methods combined. All 20 outbreaks involved >1 individual with evidence of an NLV infection by either detection of viral RNA in stool material or by analysis of paired serum samples (table 3) . With a stricter criterion, which states that 50% of the individuals tested must show evidence for infection with an agent in order to establish an etiologic association, we deduced that 16 (80%) of 20 outbreaks were caused by an NLV.
Genetic characterization of the polymerase region of the NLVs. When in sufficient quantity, the polymerase region PCR products obtained with both primer sets were sequenced and compared with nucleotide sequences available in GenBank. GI NLVs were detected in 2 outbreaks; GII NLV strains were detected in 16 outbreaks (table 3) . The simultaneous occurrence of GI and GII viruses within the same outbreak was not observed. The sequence of part of the polymerase region of a GI virus in outbreak 9 was described elsewhere and was deposited into GenBank under accession number U07612 as strain MD1 [56] . This virus shared highest identity with Desert Shield-like viruses in the genetic cluster GI/3. The GI virus in outbreak 14 was most related in its polymerase region to Southampton-like viruses in genetic cluster GI/2. The GII viruses detected in 14 separate outbreaks were most closely related to CV, a BV-like (GII/4) NLV strain associated with gastroenteritis in Australia in 1994 [57] . A partial polymerase region sequence of a virus in outbreak 140 (designated MD6) was described elsewhere and was deposited in GenBank under accession number U07613 [56] . Other GII viruses involved in outbreaks 101 (virus MD 101-2), 110 (virus MD 110-3), and 145 (virus MD 145-9) shared the highest sequence relatedness in their polymerase region with OTH-25 (GenBank accession number L23830), Arg320 (GenBank accession number AF190818), and SN88JN (GenBank accession number AF218947), respectively. a Position numbers for MD145-12 primers correspond to nucleotides of the MD145-12 genome (GenBank accession number AY032605) and those for GII/3 viruses to nucleotides of the Toronto virus ORF2 (GenBank accession number U02030). MD 145-9 ). The individuals involved in outbreaks 134 and 145 who shed the single "distinct" virus in these outbreaks each developed a serologic response to the rHV and rTV antigens but not to NV (data not shown). Specific primers were deduced from the ORF2 sequences of distinct representative viruses in outbreaks 134 and 145 to examine whether 2 genetically different NLVs could be detected in the same stool specimen. No evidence for a dual infection was observed (data not shown).
Viral Gastroenteritis in Nursing Homes
Genetic characterization of the ORF2 5 0 end region from selected NLVs. Sequence analysis of the ORF2 region was performed to confirm the genetic typing results predicted from the analysis of the ORF1 polymerase region. This was not possible for the GI/2 (Southampton-like) strain from outbreak 14, which did not yield an ORF2 amplicon. Recently, a genetic classification system for the NLVs was proposed on the basis of the complete capsid protein sequence [47] . Comparison of the 5 0 end region of the ORF2 of selected viruses from nursing home patients with those from reference strains representing the NLV genetic clusters of Ando et al. [47] showed that members from >5 distinct genetic clusters were detected. These NLV clusters were GI/3, GII/1, GII/3, GII/4, and GII/8, represented by Desert Shield virus, HV, TV, BV, and Amsterdam virus, respectively. Although the ORF2 could not be sequenced from the NLV in outbreak 14, it is likely that this GI virus belonged to a sixth genetic cluster, GI/2, because of its relatedness to Southampton virus in the polymerase region. The genetic relatedness of the capsid protein from representative Maryland nursing home NLVs with those of reference viruses from the NLV genetic clusters of Ando et al. [47] was examined by use of evolutionary distance programs in the GCG suite. The predominance of the GII/4 viruses and the marked diversity of the circulating viruses in the nursing home setting is illustrated in a dendrogram that includes reference viruses for each genetic cluster ( figure 2 ). The analysis also includes the Alphatron virus (Hu/NLV/Alphatron/1998/NL), which has not yet been assigned to a genogroup or genetic cluster [58] . The geographical and temporal distributions of the 20 nursing home outbreaks in Maryland were analyzed (data not shown). No evidence was found for a pattern in the spread of outbreaks through the state (e.g., from west to east).
Genetic stability of the complete capsid protein of NLVs from 2 distinct genetic clusters. The genetic analysis of the partial sequence of ORF2 showed 96%-99.6% nucleic acid identity among the 14 BV-like strains and 100% nucleotide identity between the 2 TV-like strains (figure 2A). To examine genetic variation in the entire capsid protein, the complete ORF2 sequence of representative GII/4 (BV-like) NLVs from outbreaks 104, 117, 120, 136, 138, 140, 143, 145, and 04 and representative GII/3 (TV-like) NLVs in outbreaks 101 and 134 was determined. Outbreak 134 included 1 individual who shed a GII/4 virus and 6 individuals who shed a TV-like GII/3 virus. The deduced amino acid sequences of the capsid proteins from the GII/3 viruses in outbreaks 101 and 134 differed by 2 aa ( figure 3A) , which suggests that a highly related strain caused these outbreaks at a 42-day interval. A search of GenBank found that the capsid protein of the MD GII/3 viruses in outbreaks 101 and 134 showed the highest amino acid sequence relatedness (99% identity) with OTH-25, an NLV that was associated with gastroenteritis in Japan in 1989. The MD 101-2 and MD 134-10 capsid proteins showed 4 and 6 aa differences with OTH-25, respectively. Comparison with more recent GII/3 viruses, such as the Birmingham132 virus (GenBank accession number AJ277611), which was associated with illness in the United Kingdom in 1995, showed evidence for further variation, having a difference with MD 101-2 of >20 aa.
The capsid proteins of the GII/4 strains from outbreaks 104, 120, 138, 140, 143, and 145, which occurred within 71 days of each other, also have identical deduced amino acid sequences ( figure 3B ). These viruses showed 1 and 9 aa differences from CV (Australia, 1994) and LV (United Kingdom, 1993), respectively. The GII/4 viruses from outbreaks 136, 117, and 04 differed by 1 aa from each other and from the "identical" GII/4 viruses in the 6 outbreaks above (104, 120, 138, 140, 143, and  145) . The GII/4 virus MD 134-7, which was derived from a predominantly GII/3 outbreak, differed by 3 aa from the other BV-like strains and was the most divergent among the GII/4 viruses in this study. These data demonstrate that a predominant GII/4 BV-like virus circulated among the nursing homes in Maryland and caused 6 outbreaks (104, 120, 138, 140, 143, and 145) and possibly outbreaks 115, 118, 128, and 147.
Noel et al. [59] showed the worldwide circulation of a "common" strain related to BV and LV in the late 1990s. We compared the deduced capsid protein sequence from the predominant GII/4 strain (represented by MD 145-12) from the Maryland nursing homes with the 1995-1996 US common strains ( figure 3B ). The capsid sequence of the predominant Maryland nursing home strains differed by 19 aa from the 1995-1996 US common strains, which resulted in an overall amino acid identity of 96%. Twelve of 19 variations were located in the carboxy-terminal half of the capsid protein, of which 8 were located in the region that corresponds to the highly variable P2 subdomain of NV [60] . In contrast, the single conservative amino acid substitution between MD 145-12 and CV was amino acid residue 504, located within the highly conserved P1 subdomain.
Comparison of the genome of the predominant nursing home NLV strain MD145-12 with that of CV. The genome of the MD 145-12 virus was sequenced to examine whether the marked conservation with CV in the capsid protein extended throughout the genome. The genome of MD 145-12 is 7556 nt in length and is similar in organization to other NLVs, with 3 major ORFs. The overall nucleotide identity between the MD 145-12 and CV genomes was 96.7%, with 96% nucleotide identity within each ORF, when each was analyzed independently. Amino acid sequence comparisons showed 98.6%, 99.8%, and 97.6% identity in ORF1, ORF2, and ORF3, respectively. The distribution of amino acid differences between the 2 viruses in the 3 ORFs is illustrated in figure 4 . Of note, the N-terminal protein encoded in ORF1 appeared to be the most highly variable protein, containing 12 (54%) of 22 aa differences between the 2 ORF1 coding sequences. The second most variable protein was that encoded in ORF3, a minor structural protein [63] . The predicted NTPase, proteinase, and capsid proteins were the most conserved, containing only 1 aa difference each between the 2 viruses. Role of other agents. Immune electron microscopy was performed on a subset of 38 stool specimens (selected from 12 outbreaks), to examine whether other potential agents of gastroenteritis were present. Small, 27-nm viruses were observed in only 1 stool specimen that was later identified by RT-PCR and sequence analysis as being positive for a Toronto-like virus in outbreak 134. Enteroviruses, rotaviruses, astroviruses, Salmonella species, Clostridium species, and Shigella species were not detected by the methods used in the present study.
Discussion
Gastroenteritis is an important illness among elderly persons in residential settings because these individuals are at greater risk for severe illness that can lead to complications in alreadydebilitated patients. The identification of NLVs as the major etiologic agent of epidemic gastroenteritis in Maryland nursing homes during a winter season is consistent with recent largescale epidemiologic studies that have identified such facilities as frequent settings for NLV gastroenteritis outbreaks [7, 20, [27] [28] [29] . NLVs were the only viral pathogen detected in this study, which indicates that, at least during this time frame, rotaviruses and astroviruses were not important agents. Coupled with these recent reports, it appears that the NLVs may emerge as the major etiologic agents of gastroenteritis in nursing homes. Furthermore, analysis of stool specimens collected over this single season, as well as from gastroenteritis outbreaks that occurred over a 15-year period in this setting, indicated that bacteria (Salmonella, Clostridium, and Shigella species) were not major agents of epidemic gastroenteritis. Presumed viral gastroenteritis outbreaks affected, on average, 20% of Maryland nursing homes each year over a 15-year period. Extrapolating from our data that 80% of nursing home outbreaks over a single winter season were caused by NLVs, it is likely that there may be a heavier disease burden from this illness in US nursing homes than previously recognized.
Presumed viral gastroenteritis outbreaks in the nursing homes typically had a marked seasonal occurrence in the cooler, "win- (52) NOTE. The total number of individuals in outbreaks 117, 134, and 138 who were tested for serologic responses to the recombinant Hawaii and Toronto viruses were 3, 6, and 7, respectively. GI, genogroup I; GII, genogroup II; ND, not determined.
a Outbreaks in which >50% of the individuals showed a serologic response to the indicated antigen or who were positive for NLVs in stool are underlined. b Designated according to the system of Ando et al. [47] . c Of the 7 NLVs detected, 6 were GII/3 and 1 was GII/4. d Of the 6 NLVs detected, 5 were GII/4 and 1 was GII/8. e Data are no. positive/no. tested (%).
ter" months of the year, which is consistent with the description of "winter vomiting disease" first reported by Zahorsky in 1929 [64] . The reason for this seasonal occurrence is not known, but it has been described in other surveys of epidemic gastroenteritis in countries with temperate climates [65] . Transmission of NLVs occurs primarily through the fecal-oral route and is often associated with contaminated food or water [22] . However, airborne transmission of NLVs through respiratory droplets also has been proposed [66] , and viruses with a cool weather seasonal occurrence are often spread by this route [65] . Although the sources for the NLVs in the Maryland nursing home outbreaks were not identified, the predominance and genetic diversity of these viruses suggests that NLVs from the community were readily introduced into the nursing homes.
The predominant virus associated with illness in this study was a BV-like virus in the NLV GII/4 genetic cluster, detected in 14 of 20 outbreaks. The predominance of a GII NLV was consistent with several studies that have shown the worldwide predominance of GII NLVs in recent years [21, 47, 54, [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] . None of the viruses in the Maryland nursing homes showed a close genetic relatedness with the "animal" NLVs that have been characterized thus far [82] [83] [84] or with the SLVs. The predominant nursing home virus (represented by strain MD 145-12) was similar to a distinct, common NLV strain that was detected in the United States and globally during 1995-1996 [59] . Apparently, viruses in genetic cluster GII/4 were already of major importance nearly a decade earlier in epidemic gastroenteritis in Maryland nursing homes. Analysis of the capsid proteins from viruses within the 1995-1996 global outbreak season [59] and those within the 1987-1988 nursing home winter season suggests that the predominant NLVs within an outbreak season are highly conserved. This observation is consistent with other molecular epidemiologic studies that have examined the genetic stability of NLVs within outbreaks [22] . However, the 19 aa differences between the predominant viruses from these 2 outbreak settings that occurred at different times suggests that evolution and selection does occur within the capsid proteins of each genetic cluster. In this regard, it is striking that the 1987-1988 predominant nursing home strain showed only 1 aa difference with the capsid protein of CV (GII/4), an NLV that was associated with disease in Australia in 1994, just before the emergence of the 1995-1996 common strain. If it is assumed that the NLVs associated with gastroenteritis in humans are maintained by passage in the human population, this particular capsid protein remained essentially unchanged in its amino acid sequence for >7 years. As expected, the overall nucleotide identity of the MD 145-12 and CV genomes was more variable (96%), which indicates that these viruses were not identical and that each had undergone evolution. Furthermore, the rate of nucleotide variation was similar in all 3 ORFs, which indicates that polymerase "errors" were distributed evenly throughout the RNA genome during replication. The marked conservation of capsid sequences between CV and MD 145-12 virus is noteworthy because of the apparently higher rate of evolution in certain other proteins encoded by the genome. The capsid protein, which is presumably under selective pressure from the host immune system, sustained fewer relative changes, compared with both the ORF1 and ORF3-encoded proteins. Most notably, the presently uncharacterized "N-terminal" protein encoded by ORF1 was a major site for amino acid variation between the viruses. Because NLVs are positive-strand RNA viruses and, thus, are subject to evolution as a quasi species, selective pressures for adaptation presumably exist. At present, it is not known why certain NLVs emerge to cause outbreaks that can be extensive, sometimes involving hundreds or thousands of individuals. Although NLVs apparently are able to remain viable under harsh environmental conditions (e.g., in sewage and in the tissues of oysters) for possibly long periods, replication and, thus, evolution in human hosts is constant, as evidenced by seroprevalence studies and by the frequency of disease [22] . The identification of viral determinants involved in adaptation and virulence of the NLVs, as well as other caliciviruses, may lead to a better understanding of how certain NLVs, such as the GII/4 viruses, have emerged as major epidemic gastroenteritis strains.
The present study allowed for an analysis of the genetic stability of viruses associated with gastroenteritis outbreaks occurring within the same season for 2 different genetic clusters. The entire capsid protein gene was sequenced from the 2 most frequently detected viruses in the nursing home setting-GII/3 (TV-like) NLVs (implicated in outbreaks 101 and 134) and GII/4 (BV-like) NLVs, with the latter being the predominant virus in the season. As described above, the sequence of the capsid protein of the majority of viruses representing the predominant GII/4 virus was identical among outbreaks. However, amino acid differences were detected sometimes when viruses from different outbreaks were compared, which indicates either that evolution was occurring as the virus was transmitted in this setting or that certain GII/4 viruses originated from a source that was different from the predominant GII/4 strain. In this study, 2 of 20 outbreaks (outbreaks 134 and 145, which occurred within the same town, but in separate nursing homes) showed the presence of NLVs from 2 distinct genetic clusters within the outbreak. The occurrence of .1 NLV genetic cluster within the same specimen or outbreak has been observed elsewhere and often has been associated with contaminated water or sewage [85] [86] [87] [88] [89] . Thus, simultaneous exposure to multiple NLVs can occur. Clearly, the molecular epidemiology of the NLVs is complex, and the identification of virus and host factors involved in transmission will remain challenging. Furthermore, the biological significance of NLV genetic clusters and the effect of genetic variations within these clusters remain unclear, because it has been difficult to assess the role of neutralizing antibodies and cell-mediated immune responses in the absence of a cell culture system and animal model. The development of such systems to study immunity and pathogenesis remains an important goal for elucidating the natural history of these viruses.
The identification of NLVs as epidemiologically important pathogens in nursing home gastroenteritis outbreaks and the study of their genetic diversity and evolution are useful for the development of potential vaccine strategies or therapeutic agents. Furthermore, knowledge of the molecular characteristics of circulating viruses can yield important insight into the source and spread of viruses in a community and may lead to the development of better control measures for the prevention of NLV outbreaks. [61, 62] .
